stigmatism is the most common cause of impaired vision after penetrating keratoplasty (PK) despite a clear corneal graft.
1 Postoperative astigmatism higher than 5 diopters (D) has been reported in 15-38% of patients undergoing PK. 1, 2 Various approaches have been used to deal with this problem including manual, mechanized or femtosecond laser
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Correction of High Post-Keratoplasty Astigmatism A AB BS S T TR RA AC CT T O Ob bj je ec ct ti iv ve e: : To evaluate the efficacy of paired arcuate keratotomy (AK) incisions to correct high astigmatism after penetrating keratoplasty. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : 28 eyes of 27 patients operated between October 2011 and January 2015 were included. Paired arcuate incisions (at an 80-90% depth, and arc lengths of 60 to 90 degrees) were performed with a diamond knife. Incisions were placed within the corneal graft. Results were analyzed at the third month postoperatively. R Re es su ul lt ts s: : The mean age of the patients was 49.1 years. 12 of 27 patients were male and 15 were female. Primary indication for penetrating keratoplasty was keratoconus in 16 eyes, stromal dystrophy or leucoma in 8 eyes and bullous keratopathy in 4 eyes. After arcuate keratotomy, mean best corrected visual acuity with log MAR improved from 0.72 ± 0.43 to 0.46 ± 0.29 and un-corrected visual acuity from 1.19 ± 0.36 to 1.01 ± 0.46. Mean topographic astigmatism decreased from 7.4 ± 3.2 D to 4.8 ± 2.7 D. K min increased from 40.9 ± 3.9 D to 44.4 ± 3.6 D. K max decreased from 48.7 ± 3.3 D to 48.3 ± 3.9 D. Mean spherical equivalent increased from -2.6 ± 1.9 D to -3.1 ± 2.5 D. C Co on nc cl lu us si io on n: : AK incisions provide fast reduction in post-keratoplasty astigmatism and improvement in visual acuity. The magnitude of the reduction of astigmatism was highly correlated with preoperative astigmatism. However, to achieve successful results, proper patient selection is necessary. [3] [4] [5] [6] [7] [8] [9] Manual arcuate keratotomy (AK) has been the most widely used procedure for the treatment of astigmatism greater than 4-6 D. [1] [2] [3] The main principle of AK is based on flattening the steep corneal meridian by placing one or two incisions perpendicular to the steep axis. This flattens the given meridian with reciprocal steepening of the meridian 90° away, known as "coupling effect". The efficacy of astigmatic incisions is dependent on the length and depth of incisions.
2 A wide range of corrections between 3.2 D and 9.7 D has been reported with this approach. 1, 3 This study was conducted to evaluate the efficacy of paired AK incisions for correction of high astigmatism after PK.
MATERIAL AND METHODS
In this single center, retrospective interventional case series, performed at the Department of Ophthalmology, Bozyaka Training and Research Hospital, Turkey, between October 2011 and January 2015. The study adhered to the tenets of the Declaration of Helsinki, and informed consent was obtained from all participants. An informed consent was obtained from all the patients to perform the original measurements and to review their medical records. SUBJECTS 28 eyes of 27 patients included and demographic features of the individuals were recorded. In addition, all the patients underwent a detailed ophthalmic examination, including auto keratorefractometry (Topcon RK 8000PA, auto-refractometer, Topcon, Tokyo, Japan), uncorrected visual acuity testing (UCVA), best corrected visual acuity testing (BCVA), slit-lamp biomicroscopy, intraocular pressure (IOP) measurement and dilated fundus examination. IOP was measured using a slit lamp-mounted Goldmann applanation tonometry (GAT) with the prisms in the vertical and horizontal meridian. Averaging vertical and horizontal GAT readings were performed to improve the accuracy of IOP measurement in patients with regular corneal astigmatism and the mean values were recorded. Spherical equivalent (SE) was calculated according to auto-refractometry results as follows: spherical value (diopter) + 1/2 cylindrical value (diopter). The efficacy index was calculated as the ratio of the mean postoperative UCVA to the mean preoperative BCVA. In addition, corneal topographies were acquired with Keratograph III (Oculus, Wetzlar, Germany). Flat keratometry (K min), steep keratometry (K max) and topographic astigmatism was noted. Corneal thickness was measured with PacScan 300 (Sonomed Inc., NY, USA) preoperatively and postoperatively.
INCLUSION AND EXCLUSION CRITERIA FOR STUDY GROUP
Inclusion criteria were post-keratoplasty astigmatism higher than 3.0 D, complete removal of sutures at least 6 months before AK, and a stable refractive error. Eyes with regular or moderately skewed topographic bowtie astigmatism were included, but irregular topographic patterns of astigmatism were excluded.
SURGICAL TECHNIQUE
Paired AK incisions at an 80-90% depth, and arc lengths of 60 to 90 degrees were performed with a diamond knife (Geuder AG, Heidelberg, Germany). Paired AK incisions were placed within the corneal graft and parallel to the graft-host junction. Incisions were made on the steep axis on topography. Under topical anesthesia, microscope light was set to minimum, planned AK tracts were marked with a surgical pen, and manual AK incisions were made ( Figure 1 ). Incisions were opened and irrigated with a 27 G cannula. In cases of skewed astigmatism, skewed incisions corresponding to the steep astigmatic meridians on topography were used. Asymmetric arc lengths were used to correct asymmetric bowtie astigmatism. The effect of the incisions was monitored intraoperatively with a hand-held keratoscope. All surgical procedure was performed by one surgeon (B.Y). Topical antibiotic and artificial tears were given 4 times daily. Patients were followed up and examined at first day, first week, first month, 3 months after the procedure. Table 2 shows postoperative changes in refractive and topographic astigmatism as well as visual acuity.
Refractive astigmatic cylinder could not be measured in 8 eyes preoperatively. So that, comparison of preoperative and postoperative values could not be made in these eyes ( Table 2 , bottom row). After surgery, manifest refraction has became measurable in 6 of these eyes. An improvement ≥ 2 Snellen lines in BCVA was achieved in 13 (46.4 %) of 28 eyes.
Mean reduction was 2.5 D in 7.0 mm (4 eyes), 2.7 D in 7.5 (16 eyes) and 2.6 D in 8.0 mm (8 eyes) recipient trephine size. No correlation was found between the magnitude of reduction in astigmatism and trephine size (p=0.995, ANOVA test). Association between the symmetry of the bowtie pattern on topography and reduction in astigmatism was also investigated. Topographic pattern of astigmatism was symmetric bow-tie in 8 (28.6%) and asymmetric bow-tie in 20 eyes (71.4%). Mean reduction in astigmatism was 3.1 D in eyes with symmetric bowtie pattern and 2.4 D in asymmetric bowtie pattern. However, that difference was not statistically significant (p=0.630, ANOVA).
Skewing of the axes on corneal topography occurred in 4 eyes (14.3%) postoperatively. Macroperforation requiring suturing occurred in 1 eye (3.6%). Preoperative central corneal thickness was 589 µ and knife depth was 450 µ in that eye. 
A B
Another patient experienced postoperative visual distortion because one of the incisions entered into the pupillary zone due to patient's eye movement during keratotomy. Re-grafting was performed on this patient later on. An example of pre-and postoperative topography of a patient is shown in Figure 2 .
DISCUSSION
In current study, a statistically significant reduction in astigmatism and improvement in both UCVA and BCVA in more than 60% of the patients were achieved at 3 months. Similar improvement in BCVA and UCVA 3 has been reported in previous studies.
3,10 A mean 2.6 D (35.1%) reduction in astigmatism was achieved using paired AK. Hoffart et al. reported 30% reduction in astigmatism with mechanized AK which is lower than our result. 3,10,12 Greater reductions up to 70% of astigmatism have been reported with incisions at 600 μm depth. However, it is associated with a high-risk of perforation. 2 Geggel achieved at least 50% reduction in astigmatism in 81% of the eyes. 13 Relatively low efficacy achieved in our study may be due to the low ratio of patients (29%) with symmetric bowtie astigmatism compare to that study (58%). 13 Low predictability associated with AK for post-PK astigmatism has been reported in several studies. 1, 14, 15 This is likely due to the variability of the wound healing and variable tension present within the graft. 2 The sharpness and type of the diamond knife, velocity in performing the incisions and intraocular pressure are conributing factors in depth and regularity of the incisions. 16 In parallel with previous reports, the magnitude of the reduction was found highly correlated with preoperative astigmatism in current study. 12, 17 Standardized nomograms developed for congenital astigmatism cannot be applied to the correction of post-PK astigmatism. 1, 12 Although, a myopic shift up to 1.5 D may be seen after AK 1 , other studies reported no change in mean spherical equivalent. 2, 10, 12 Postoperative myopic shift (0.53D) observed in our study wasn't statistically significant either. Efficacy index was 0.71 at 3 months.
One macro-perforation and 1 off-center incision occurred in our study. Reported complications of AK include under-correction, overcorrection, corneal perforation, wound dehiscence, irregular astigmatism, recurrence and prolonged instability of corneal topography. 1, 2 To increase safety and efficacy, FLAK has been recently introduced in clinical practice. However, in a series of 62 eyes, Fadlallah et al. reported 2 micro-perforation, 3 infectious keratitis, 3 graft rejection episodes, 1 endophthalmitis and 12 overcorrection. Efficacy index was reported as 0.81 at 6 months. 5 Kook et al. reported 2.8 D (30%) regression in topographic astigmatism with FLAK. Hoffart et al. compared mechanized AK with FLAK and reported 30% and 55% regression respectively, without any visual gain. 11, 18 Misalignment during mechanized AK was reported as a contributing factor to the low efficacy. They also reported micro-perforation and 1 case with off-center incision after mechanized AK. Böhringer et al. in their study have reported that AK is an effective tool to reduce post-keratoplasty astigmatism with better results in regular corneal astigmatism but limited predictability of refractive results. 20 They have suggested that AK may still be an elegant option to reduce postoperative astigmatism after PK. FLAK surgery which is able to create quality arcuate incisions with precise length, depth, radius, and symmetry that were pre- Although, the conclusions that can be drawn from this study are limited by relatively small number of patients and short follow-up, the reduction in astigmatism achieved in this study is comparable with previous post-PK AK results. Our results suggest that AK allows a fast reduction in astigmatism and an improvement in vision with few complications. Despite its low predictability, manual AK remains a viable procedure for treating post-PK astigmatism with satisfactory safety and efficacy.
2,3,6,10,13,14 Selection of patients with symmetric bowtie astigmatism and proper alignment during surgery are key factors to achieve intended correction.
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